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[IfjjfKl] Sft^-IllcTSi:, J5$ 0. 2u 

o . i 2 » mUTx% sm±mf&tem<»m&m.£ R a a* 

7. 5nmaTT*$>t), 

*Wrffi«i&sW£ify bffiffico 3%W±T-;fe58l^co<@SSt 

±eatttJS©jp*i:roa*o. oos~o. 04 st** 

nu ^S_h^fi£t*S©«^S: 1 70~280k A/m 

I w*jb 3 ] ±m± t y h 1 . lsnmn^t 

[fg#i@4] ±E"<y^3— h»©*ffi3|fi$Ra*5 2 
0 n mWT-CJLo+^^iffi.^ Rzi 5 2 00n m«Tt 

««iE«;9S-hfBW& tr y h B#i<Z> 3 %W_h-C*> 6 ^ig<£. 
fla^v 5fi/l 0 0^m2 WT-CWtl*«l-3ra 

R a^lOn mWTT'J.O+.*r5p*D3gi$ R zi ! l 
6 0 n m^TT-fc 9 , 

=»— haffia»*a5««ic*jit 5 6*sF*&*ffi^e> 4 0 n 

m<Dra $ T?©«B?rffiflS*s±|Bff £ tr y b B^co 3 %«-k 
■Cfc53gjg©ffl»as, 2 3fi/l 0 0 n m2 WTT'foS 
IS*JS 1 ~ 4 K>ftTix*MC JB*<»StJWaajttftU 

to 0 0 1 ] 

Kb y ? b £ % fiifciffttaoilAtti 

[0 0 0 2] 

y K«rttt«s*fl5K:«ab$tt3 d t ic <fc o 

hftastefcw-aa*, ~y k • ttftmro&ttBiatas*:* < 

4 0. jfetTW^ttlcjKWSr&ffi-. flJSttJBoSiflSJCJPFB 



x-hi>o 

[00 0 3] JbEBUHSrAWfei-* Ittt. 4*^5P3 - 1 
16 4 13 #^«lRtWSBH¥6 - 1 8 0 8 3 5 

6, U4>U »MV5a*r±Cfe4tili:tt9, Wifct'y b 
BB«©/h*w^JMfft^^^A«fte«lltflE-ef4 Kb y^ 

[0 0 0 4] t£oT#3S9m, ffixfc««aaJW*ttLfttf 
{£ Kb y-?Tt?Y fcff*tfc*fftt»im^tti *S5VM^ 

[0005] *i6w#e>tt, m&&7 ! **;\'mm&ft : > 

KttJB^SiBilcff-rsa^i-^Tjis Kb y^r ^ b^g 

»rA*-6ff*WflPSSr«^j«iifcj05a*&tJHS; Kb y t't 
■> b«?#.#Tfc*3V^T, *±SStttBlc-#^r$ixS*« 

ietti«*ift$ *<#&<DmiT t -tz d <b x\ 

[0 0 0 6] *36Mf4±E*Paii*^#*$*Lfct>© 
"C, ffi±twT@<t. )?$0. 

-hJSflStfUB t teffi±(w/<y^3- bJl^W-T^ 

^•$nS#WH*fi[^-<0¥*&*aS*s 0 . 1 2 /j mWTt% 

m<Dmffimmz.totfz, ^m^^m^h 2 0 n mci?i?$ 

•C©«Wrffiffi^W± tr y b ESfW 3 % W±T*fc 5 ffi^-© 
«*as, 3®/ 1 0 0 pl m2 «T-Cfe««SHffi<»«Efr«r 

[0 0 0 7] 

2 co-iffi.ticT@ 3&U?8^T® 3 LTS-h/i^tt 
HtC^«F«C 2 <7>fdljS.hlC/^ y ^ 3- hm 5 f,tl-C 
*s 1 . 15,. m2 WTro«^32^Bf tcfcv^T tifllEHfc 

± t* y b s«s« b v y ^ *s t mmfc&nmiz iot^ 
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[0008] ±.mm&m 4 ti^m^m^xmrnmL^ 
&ieii-&m<pizftmzi%xB!&ztix\<^2><, -tux, ±m 

itti4li 1 ^(DmmmZR a&7. 5nm£tT, if* 
L<tt7. 0-1. Bnmtiot^, dttlHio 

&m&m&Z>o ±IEt£3l5i$fi? wiH-CiE^fcil 9 . 

Tfeff t3i£: UW^tt* © T-T S fflJHtf £> 5 a J , fr :fc 

[0009] 121 2 (CTjvr J: 5 1-, ±msmm 4 1±, jj?:^ 

0nm«JS («T> ^«0«g$ £ X 7 -Y * $1 £ <t fcv> 

IB/lOO^mZ WTt/iotV^, r^t«Cit)Kny 
^T? h<7>|g^sfflj^f,tt, «8t3EiilWtt*5|Ri±i:rai^ 

a^^oiS^ 1213 (a) \ZTf:-rjio\z^ smw-stim 

3%W±T'fc-5ffl^cDflil^rt, Kb y:/T* hircoFfltc 
fco -€rW±, gtTOIiMb 2 0 n m«^$ t'^ ^ 

hffia©3%a±-e*>««Pis«wLfc cm 3 (a) — 

(d) #«U . C10>«I;:. *^Wtti«^*iEiA^2 
0 n m<©«3 -?<Dffl8mmtfiW± *i>h MS© 3 

[ooio] ^%w(c*d^-c, anmfrDom&i&am 

Wflafttt 1 <E3/ 10 0 M m2 «Ttfc5 d t t < 



0. 5 §/ 1 0 0 (i m2 WT'-CfcS r i is-iff t L 

[0011] mnrnz-Dte, ±mmvm4Ru</xteT 

Jf 3(c-££;fi,-C^-5j$j##j£, -hJBKttJB 4 w^®ic# 
»j t & is u r y w t Bmiaiife&a; t 19 « t a 

WfflJi^^M^-C^iffexT LSI \ ^>tt «? jfefHt&tm 
[0012] Eg^ffi^DCOiB^S 0 ICafi < Bifm^ttiS 
4 (OSBK, ±Ce*sp*S*SB^e> 2 0 n inCO^- 

*ffiSf*5fi«L. *7t, R*/JHa*Srai:T«rIWSi|*sttE 
#&E-ffc;fc-«fcifc£*i/C, J««£*B tastes' Kt«? 

[0013] ^lg[/J^ffi^■co<@gc^i, mm&\<o&&.iii $ 

2-iSi£^$5lffl!C-r5fcfe(-, 8 0 0~ 1 Ofla/ 1 0 0 /i 
m2 , #iw4 00-2 0f@/l 00nm2 td« 

[0014] ±mmam 4 ji5Eo«*ft*©assr 

m&fttcit>m!Kms&ftktez> B 
[0015] ±.mm^m 4 ^«:_h]i&<£>ii <o mm&Ff-ifi 

— ^. ^ y x y co niH mwk mn,^ y k <t n&m 

0 . 1 2 n mJWT, U < tt 0 . 1 m mKT, MJC^f 
*L<(i0. 08 0/i m«T k~ti> a ymm&WW-®) 
mm*0. 1 2 /imS:iiaxai:®E£#ffi^D^3(ia/'l 
o o /i m 2 JWTtl-^fiOTSSfflut^^^ ©^a+4^*co 

^ ^ymmmznxnmmBd.m&f<oft£mtii>m 

T-fS . © 0 . 2 ,i m t V ^ 5 99 V ^.hJH&ftJg 4 OR 
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±8B^tt^<7^¥±£)*4SroTPf:tO. 0 1 ^ 

is-it? «>e*fitt, ±JB«cf£s 4 tee* $*iaaiHBtttt 
*i o omasci-^LT^* u< «o. i-i6fii 

SB. JEfc#*L<ttO. 1 ~ 1 5 igfiSlk — S jf * L < 

ii o . i ~ i 4 fifisc £ -r 6„ ±je©i t> 

[0 0 16] Jd&OttttJJ|flMU4«>&J*tt. (1) ~ 
(6) 6 la^SrfflvSCir-e^StLSo 

[0 0 17] (1) Jjm^4fr«j^£JJMffr0>fll 

« 7L rf, 3MM£ft£ Srfe#JW*J J: tWWM©— «J i *K ^° 

[0018] (2) ±«iMsK>iia(mpic. awa-at?*^ 

<cv^J:5K-*-«. d«*tet^fi±iEw(i) <tlBl«cWHi* 
[0 0 19] (3) JiAftf^H&^fttttftiJhmtt 

•Pf 6. t **fc»*uas«fc iot 

soffit *s. ®m<Dm&L\,^ifcfmmri. 1. oxi 

0-3~8. 0 X 1 0-3kg/(m2 S ec) , #1-1. 5X10 
-3—6. 0 X 1 0- 3 kg/(m2sec) , t t» t>tf 1 . 8X1 
0-3—4. 0 x l 0- 3 kg/(m2 sec ) X*ifo-5o 

[0020] (4) ±mmviim4<Dxu>y—% l ft ( D — 
»». f&s. «m) sriawca«u 

• a — ;u-igffitt ; 0 . IS W-b 

• ; 3-7® 

• U8t : 8 0 — 1 2 Ot 

• SSUI : 2. 5 — 3. 4 k N/cm 



ft. _hgEa— yL^ffittlr*3^S Tsj n^m^^-Tsd, 
©T*S>5„ 

[00 2 1 ] (5) s< y {/ 3- hJl 5<£>«ffifl£|fc£f&|ffll 
U ft*UBftttf£<Dg|B]ft#i$l;: % H5« 
±/H8£yg 4 {Cfe^-f 5 C <t (C i 5 ffi<^©Jg 

Rai>20n m«'F, $f K 2 — 1 2 n mXfbZ> 
C t * L < . R ?J ! 20 0n m«T> 

*5(*6a3K¥*&*BBa»?>6 OnmWffi^T-OlfWffi^as 
Witt's' hffiffi»3%«±-C*>5&iB<rcteSfc4S. 5fll/ 
100pm2 WTx #iC3<@/l 0 0 ^m 2 tATT'ifcS 

[0 0 2 2] (6) Jhffltf>(5) fcfcBBa-rsas. £ffflc2 

©#H]«:#B$(C X ;£f£tfc 2 <ZV^ y ? = — r-/HB!J©3sEJK 

LtiS, SM^RaAUOnmttT, 4#(r2 — 8 n m 
T'feSr t a**?* L< , Rz^l60nm 
WT, Hfi:i8-140nmtfcSCtiWSU\ S 
iC. AFMIC±o-CW3£**Lfc^#2©>"«s'if 3- h 

mm<o%iWBW<^mi % &mw-&mmfrb 4 0 nm^w 

* r-<oa»faD«jjsff* t* y h mm<» 3 %w±x*fcS3§e 

23i/ioo^m2 &lt. 1 s my 1 

0 0/. m2WTT?**C t*s»* UV\ 

[0023] ±$mm$m.&fc 1 * i t>-affi«f*sa» 

ICig Lfc: t <7) 1 1 - Sfc*}-, ±JS^tt© 4 <7>® ®^JR«; 
fiB r t±S^14^4»ff^6 i«f (WT, r©®^ 
BrStV^) £0. 005 — 0. 04 5T/im, WfC 
0. 0 0 5 — 0. 0 4 2 T ^ mi Ut, MR^ y K, W 

B r 5 te_UI8St<yS 4 WiK^ftO^ t * 5 1> © -C 
dcOfig^O. 0 4 5 T ^ m@T'&5 iMR^y K 

* fc, «*Si5^ * < * 9 iB ?R»ISiO»»*s* * < Si 
0 . 0 05T^ m*filT*ttfl£^S*S'h^ < * *) IS 

*W±lil^*s»e»ix'5cv^ Br i cottfi^SBJ-tt® 4 © 

riiUotBr 6 <©tt«rJiE®fflrtK-r 5 

5©f(i[«0. 2 /2tnWTii--5^-5?5!iS*,^ < , 5© 
fit/i 5 0 . 2 /i mKlffe 6 t , SSJ^St Egl:©^l-ixa# 
< * 9 +^^Attl^#ttl^#ibtb^ < &o 
tL'i 9^"bT-*>-5 0 6©eii0. 0 1-0. 2 Arm, 
#i^0. 0 1-0. UmffeSrtWSU^ 4 
fi, Br «<0««JheSS^4®4 0^©JBj|CseiSB r <7>fl 
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< KV-^itV tiifil&TiSmzzm&fribZZ kfrb. ^ 
®Br©ffiliO. 1—0. 5T, WiCO. I— 0. 4T 

[0 0 2 4] ifc, ±C«ftE»«E»l tfeV-Ctt. 

tfee 4 <D»fl£^H c £• 1 7 0 - 2 8 0 k A/m, L 
<tt 1 7 0-2 6 0 k A/m, KC/tf* L< tt 1 7 0- 
24 0kA/mtt5, *MB»*flt»|Si]-Ltt, l-7y^ 

mcffi ijt?*> 5„ J=./B0£i^JB 4 eo«Bt* Sr±|Bttfflrt £ 

[0 0 2 5] JUBtt&Ji 4 lc&4r$*i«3MH£Stefej: U 
LTtt, i-j-sa*«itt&»»5|5 

^UKtfl^O. 01-0. 12 ( im 1 WtO. 0 2 — 0. 

tts t b , mnmrnit t-fost mtttt t? * s t * n 

[0 0 2 6] &«H4&«*&* t LTtt, 401 
m%W±T'fc 0 . tt^A^O 4 0 %&L±Wk'V3!>&mM 

Ttt, #fflsp9-3 5 2 4 6-H-4k«©J6 3flj4 2-4 4 
ff fcSE*«> t> nm#mrf btiZ, z »Sft«H±4kJR»*w 
(fcSS^H cfi 125 — 200k A/m, fi&fdSfcffc a s it 
110-170 Am2 /kg, BE TJt*iESf« 40- 
7 0 m2 /gffeS; i: LV\ Sft«ttA^ft*7 

te&<r>m 4 D 1 — 5 ?TlC glffi<Dgft/J^^t>i^-< 1)^7^ 
7-C h*J)*d5#}f f>ti,S 0 Cl«>3iiBSttA*fi5S7*9'l' 

h»*©fi68S^3H c « 1 3 5 - 2 6 0 k A/m» ffifrtt 
fta stt2 7-7 2 Am2 /k g, B E TJfc^cffiSJfi 3 
0 - 7 0m2 /gt^Slt^i U\, 

[0 0 2 7] ±eiJl«ttl|»*i*{Cjie«ttSJC^W* 
ttSlfrStfiJi: LTtt, MAtfWir9- 35246^ 
i»!4K2 5-3 2fTlC|Stt«t ) ^255^t-r6n-5<, 



jWOE-g-fitt. 1 0 0 SfiflHcat LT 5-3 

(ittJ#/&#) £2 0/8 0 — 7 0/3 0 k-tZZ bfr 
[0028] J2i£cDjS#<£>ft!ii;:, a -tvu =: ^-.Rt>'igft; 

fl£tt&R*Sfcfc l 0 OJtSSCfcM LX-t^n^TOii 9 
-Cfc6 e WBg*tSt>*^7— /-K>/7 * ^cD#B£t£!g 

• 1 — 1 6Mfi^ii, 4#l-2~l 4JtSS5 

• ^7 — #V7'7j'^ : 0. 01—1. OttffigB, 
0 . 0 5 — 0. 8 fifigB 

- i®?t^J : 1-1 Offi&Stf 

•flS^J: 5fiftS|5J^T, ^2SfiSBWT 

[00 2 9] TI3 li3ft«tt»*Sr-gf tfattOB-Ct <t 

5ri-T»3tt, IWKtt^BMttt (a-®?fkge) , 

b, m»&to!£Axmm&7 << ?—<&&&&i ooit 

• : 5-5 OfifigP, <tlfi~ 1 0-3 Offiggfl 

• WISW : 1 - 3 OltSii, 2-18 Sftffi 

• : 0. 3 — 3 OSfigB, Wi'l -2 

oa&su 

• mmm ■. 1 — 2 ofiftgp, wic3— 1 osftgc 

[00 30] TS 3*saH4<OS-CifeS»^» _b@lK^ 
4 <Da^t*<^3 V h v—sl'OMfab, TM 3 C0(*^ 
it 1 3 5— 2 6 0 k A/m, 1 6 0 — 2 6 0 k A/ 
m t-fcsrt *m * L < , £frfne£j&&jgtt 0 . 0 5- 
0. 1T> #1:0. 0 5-0. 0 8Ttfo5:t^i 
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[0031] T®3wj^.te, ±mte&m4<Dm-Zf-k<n 

&<k&5±<D&frbft£l,<l-Z2. 0 fi mUAT t L, JEK: 
5fiL<li0. 2~l. 5^m, -IfftKliO. 5 
— 1 . 5 u mtrfo-5,, 
[0 0 3 2] TJB3 2ltf±01»ttffl4tt, Tffl*JBfl6i- 
5 fc» TJf tfJt J1S£1*)§ SrJfcfifc-*- 5 fc <D± JS 

J:0»feii*. IWJiLTtt, ^hvJWM, J?#J£3& 

(0 JKJt/X(*(2> wM^fflt^lilciot, ± 

[0 0 3 3] *«p«:2<OfttfrOffifflaJC^*H5^<S'^ 

IW9-3 5 2 4 6*4**W>fB5«4 1 'fT~3H 9 « 4 ft 

,50^* S, t« >• ^^ikCO^ £, 0 . 05-0. 8 v 
m, #C0, 1—0. 7 jimt*)5:i« LV\ * 
fc, s<??=2— RJ15IC, ^r^fe^W-f-S* — *V 

[0 0 3 4] *«F«ett»«EaiW;«cffl-e*>nff4i*u«J* 
*««?j=ttWHJ¥9- 3 5 2 4 6f^ 
*<OSB2H3 0-4 2frKB«te>fc03)45ttffl-C#5. C 
*Hb«v*>T*t>, ^yxf-l/>fU7?U-h (PE 
T) , #!)xf i/yf7^ u— K #U7; K#»*N8 

it, TJi3*'<y*3-h«5fc<&s«H*«:i«a&-c i feJ; 
ie<z>(6) ©j:3f--rs- £T\ ±abh£jb 4 ©*®jfi?tt 

214, CT^fi^*rttc-^W$*57^7- 
[0 0 3 5] JiflBHHEUiaiMKfr 1 <0^f4, 8EiS8e»tt 
(C 4 — 7 ^ r t t'ill^. LV\ 

[0036] ±n&mmmWi<nM&mmmft i <o» 

• fr#&8m&JKiS*fe#>5fc (F e : C 
«*B£77 ; 1 7 5 k A/m, ffiftKfc 



z.tibo>mm\ztt Lxii&mmft!&M&ft'otz.mzftM%i 
At/(4) <D4ki*zmm-tz>^tT\ ±mm&m4<Dm& 

«Sr±a«twtt5Ci^f#5 t MIC 3.#ft2 

t LT, m#J<£>S£j&j&K3: 1 • 0X1 0-3- 8.0X1 
0-3kg/(ni2 S ec), #1-2. 0X10-3—6. 5X10 
-3kg/ (m2 sec), t«)t>iL 2. 2X10-3-4. 3X 

i o-3k g /(m2 sec)v>m t t&mm-rz>^ ttiot, /< 

y^a— hJS5COftffi^^J,|C±fSco(5) W «t 5 IC 
■T-5C: t^ttJ^-So #C^T\ 4 0-8 0"CTX*6— 1 0 

[0 0 3 7] JW±, *&W& ; t<DR& L^mW1&lZ.& 

##W©W^ffi»ttt#tt, DVCf-^8mmt'ft 
r-^D A Tf -^i ^«Btt^i2Sfflf-7' < D 
LT, DDSr-7", r-^*- MJ yv 5 

^«Hf-7"i LTjfiSX&-5*5 N y^ i y-7'/\^f^ 
[0 0 3 8] 

[0 0 3 9] CHJfi^J 1 ) TfEW±@^!|s^•<7)K-g•|CJoV^ 

1 ju m^jlgjia --7 ^ yu^ — &m V >T jfflaiS L-fc 0 ft^ \cmit 

[0 0 4 0] 

o = 80/2 0) 1 0 Omi 

; 1 4 7 Am2 /kg, ; 6 5 n 
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[0 04 1] 



[0 0 4 2] 



m) 

• a - T/U ^ -f (fflfgfc|\ : 7 0 n in) 3 . 2 35 
■^fy^y^ TOSS: 2 0nm) 0. 4 3* 

•«»tta-^*tt[flsif^**«-fr* m&m. b#w^mrio4 era 

p p p£) ] 1 0 35 

f8ip p p£.) ] 7 35 

•^fryy^ 235 

- 2-xf;l//s^v'/i/t^-h 1. 5 35 

*) > Effi5#7 5%) 4. 535 

• ^ ^vUccfvV'4r ^ >■ 1 3 2 35 
. h/Uzc^ 8 8 35 
•< o^^f-tr/ > 2 1035 

• A*«ttAj6r**!fc*^< U !>^7x7>f hft* 6035 
(«flS^ ; 1 5 2 k A/m, fi&fPi&ffc ; 5 2 Am* /kg, ; 3 0 n m 

) 

• $tt£<V a - F e 2 0 3 4035 

¥*Mtt«: lOOnm) 

• a-T/U^ W8tf % ¥^3&M : 7 0nm) 6 35 

• 2 0nm) 10 35 

p p n£) ) 1 4 35 

- x;u*yitti^y tisf^mffe m&*L *#»»«>ur-8 300 ( 

ffifn*) ] 1 2 35 

•^fryyi 435 

• 1. 535 

4&) > mmfti 5%) 435 

• > 5vUoc^/U-/r h > 8 4 35 

- h/U-nv 5 6 35 

• d^^MJ-/ >• 6 035 



-H—if^-f^yZ (WfS:2 8nm) 3 8 35 

^-#y/7?/^ (¥»:52nm) 2 35 

• ^^#7>2 3 0 1 J 5 035 

. - h nir/Un — ^ 2 035 
(Hercules Powder Co. §&<D%&8t%c7F 1 / 2 $><50 t>CO) 

•#y^y>T-*-h W7 5%) 435 

•i7^n^> 535 

• ^fryy» 2 35 

• y ^vUic^vl^ h >- 1 2 0 35 
- h/Ucn:/ 1 2 035 

• v/^ o^^ihy v 1 2 035 

[004 3] J?$4. 5j«m«)PET7-f;U^&i5 *SfeJBOfti«W*3P-t*tWi . 2jum#tf0. 1/imi 
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fc 0 ifcv^-c. crib^M^®ffl«ffifcfc?,rd1lco. 5 
t y is / -i h-^&mm z^x&ttfavzmmifat&m 

t#Siofc t #ci^T\ viffiti 5 

Om/m i nlCT* M-JSSrff o£.„ 

t,\fc# a— /V-<D$hMm~iO. 1 STfoofco H 

#0. 5 ^mi&5<fc 7(^;ftiU *§3l«DS£*lj$£3. 
OX 1 0-3kg/(in2 secJro^^-C^MrSSrtTofc^^ 

tfiofc„ z<d'&. 5 o'Cfcr i e^Rsi^-^v^toa 

[004 4} tHS£#J2, 3&tf7&t>*tcJttfc0i|l) 3£ 
[0 0 4 5] [H^!)4] ^J£^3iC*3V^C, _kJiB£t£ 

mcm&zinzm&immt u-c, i 6 7 k a/ 

m, fiafP^ft 124Am2/k g> 8 0 n m<£> 

0 . 0 4/imtU Mtd^Jtflst LT^ 2 tC^i"^®^ 

[0 0 4 6] imt&m 5 ) HflEM 3 iciav _kJBW*fe 

[0047] mmm 6 ] ussct 3 waive, tjbi-* 

iCiWcO a - F e 2 0 3 COSE-g-S^ 1 0 0gf5£ U 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium 
L which can realize both of excellent electromagnetic transduction 
characteristics and a low drop out and excellent travelling property and 
durability on a high level and which is suitable for a high-density 
digital recording. 

SOLUTION- This digital magnetic recording medium has a base layer 
and an uppermost magnetic layer having <0.2 pm thickness on one face 
of a supporting body and has a back coating layer on the other face. The 
average particle size of the nonmagnetic particles included in the 
uppermost magnetic layer is <0.12 pm and the surface roughness Ra of 
the uppermost magnetic layer is <7.5 nm. In the surface profile of the 
uppermost magnetic layer measured by an atomic force microscope, 
recesses the cross section of which at 20 nm depth from the root mean 
square surface is >3% of the area of the reproducing bit are present by 
<3 in number per 100 um2. 
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[Claim(s)] 

[Claim l] The mean particle diameter of the nonmagnetic particle which is the digital magnetic recording 
medium which has a lower layer and the maximum upper magnetic layer with a thickness of 0.2 micrometers 
or less on the whole surface of a base material, and has a back coat layer upwards on the other hand, and is 
contained in the above-mentioned maximum upper magnetic layer by 0.12 micrometers or less The number of 
the hollow whose cross sectional area with a depth of 20nm is 3% or more of reset-bit area from the root mean 
square front face in the shape of surface type of the above-mentioned maximum upper magnetic layer which 
surface roughness Ra of this maximum upper magnetic layer is 7.5nm or less, and was measured by the atomic 
force microscope 3 piece / 100micrometer2 Magnetic -recording medium which is the following. 
[Claim 2] The magnetic-recording medium according to claim 1 by which magnetic-recording information is 
reproduced by the reproducing head which made coercive force of 0.005-0. 045Tmum and this maximum upper 
magnetic layer 170 - 280 kA/m for the product of the residual magnetic flux density of the above-mentioned 
maximum upper magnetic layer, and the thickness of this maximum upper magnetic layer, and used the 
magneto-resistive effect mold component. 

[Claim 3] The above-mentioned reset-bit area is 2 1.15 micrometers. Magnetic-recording medium according to 
claim 2 whose above-mentioned reproducing head it is the following and is the fixed head and whose overall 
thickness is 7 micrometers or less. 

[Claim 4] The number of the projection whose ten-point average of roughness height Rz surface roughness Ra of 
the above-mentioned back coat layer is 20nm or less, and is 200nm or less and whose cross sectional area with a 
height of 60nm is 3% or more of the above-mentioned reset-bit area from the root mean square front face in the 
shape of surface type of this back coat layer measured by the atomic force microscope is 5 piece / 
100micrometer2. Magnetic-recording medium given in any of claims 13 which are the followings they are. 
[Claim 5] The number of the projection whose ten-point average of roughness height Rz surface roughness Ra 
by the side of the above-mentioned back coat layer of the above-mentioned base material is lOnm or less, and is 
160nm or less and whose cross sectional area with a height of 40nm is 3% or more of the above-mentioned 
reset bit area from the root mean square front face in the shape of surface type by the side of this back coat 
layer of this base material measured by the atomic force microscope is 23 piece / 100micrometer2. 
Magnetic-recording medium given in any of claims 14 which are the followings they are. 
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tOOOl] 

[Field of the Invention] This invention relates to the reliable high density digital magnetic-recording medium 
by which the outstanding magnetic parametric performance and the outstanding low drop out, and the 
outstanding performance traverse and endurance were compatible. 
[0002] 

[Description of the Prior Art] By the digital magnetic-recording medium of the type which performs 
record/playback of a signal, the front-face nature of a medium magnetic layer is very important by sliding the 
magnetic head on a medium front face. Although a magnetic parametric performance will become good and the 
number of drop outs will generally decrease if front-face nature improves, the touch area between a head and a 
medium becomes large, and affects transit endurance. Although it will become good [ transit endurance ] if the 
projection by an abrasive material etc. is prepared in the front face of a magnetic layer, a spacing loss increases 
conversely and a magnetic parametric performance gets worse. Thus, it is difficult to reconcile a high magnetic 
parametric performance and a low drop out, and high performance traverse and high endurance. 
[0003] Preparing a hollow on the surface of a magnetic layer is proposed by JP,3- 116413, A and JP,6- 180835, A in 
order to solve the above-mentioned technical problem. However, this hollow serves as a record deficit and 
becomes the cause which makes a drop out increase by the high density digital magnetic -recording medium 
with a small reset-bit area. 

[0004] Therefore, this invention aims at being able to reconcile the performance traverse and endurance which 
were excellent with the outstanding magnetic parametric performance and the outstanding low drop out on 
high level, and offering the suitable magnetic-recording medium for high density digital storage. 
[0005] this invention persons did the knowledge of not all the hollows that consist in the front face of the 
maximum upper magnetic layer causing drop out generating, and the hollow where the cross section in the 
specific depth exceeds a specific value in relation with reset-bit area becoming a cause, when performing high 
density digital storage (i.e., when reset-bit area becomes small). Furthermore, using what has a specific particle 
size as a nonmagnetic particle which contains existence of this hollow in the maximum upper magnetic layer 
under the high power stopped as much as possible and the condition of a low drop out, this invention persons 
are making surface roughness of the maximum upper magnetic layer below into a specific value, and did the 
knowledge of the endurance and performance traverse of a magnetic -recording medium also improving. 
[0006] This invention is what was made based on the above-mentioned knowledge. On the whole surface of a 
base material A lower layer, The mean particle diameter of the nonmagnetic particle which is the digital 
magnetic-recording medium which has the maximum upper magnetic layer with a thickness of 0.2 micrometers 
or less, and has a back coat layer upwards on the other hand, and is contained in the above-mentioned 
maximum upper magnetic layer by 0.12 micrometers or less The number of the hollow whose cross sectional 
area with a depth of 20nm is 3% or more of reset-bit area from the root mean square front face in the shape of 
surface type of the above-mentioned maximum upper magnetic layer which surface roughness Ra of this 
maximum upper magnetic layer is 7.5nm or less, and was measured by the atomic force microscope 3 piece / 
100micrometer2 The above-mentioned object is attained by offering the magnetic-recording medium which is 
the following. 
[0007] 

[Embodiment of the Invention] Hereafter, the desirable operation gestaltof the magnetic-recording medium of 
this invention is explained, referring to a drawing, the magnetic-recording medium 1 shown in drawing 1 is an 
object for digital storage, on the whole surface of a base material 2, it adjoins a lower layer 3 and this lower 
layer 3, and the maximum upper magnetic layer (henceforth the upper magnetic layer) 4 forms it, respectively 
- having - further - a base material 2 - on the other hand, the back coat layer 5 is formed upwards. Especially 
for this magnetic-recording medium 1, that reset bit area is 2 1.15 micrometers. It becomes that with which the 
magnetic parametric performance which was excellent at the time of the following high density records, and 
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high endurance were compatible. Reset-bit area is determined by the product of the width of recording track 
and record wavelength. 

[0008] Ferromagnetic powder and a nonmagnetic particle are distributed in a binder, and the upper magnetic 
layer 4 is formed. And as for the upper magnetic layer 4, 7.5nm or less of the surface roughness Ra is 7.0-1. 5nm 
preferably. By this, a spacing loss can decrease and a good magnetic parametric performance can be acquired. 
Although there is a problem to which performance traverse and endurance fall when it is going to make surface 
roughness small for the improvement in a magnetic parametric performance as the term of the 
above-mentioned conventional technique described, in this invention, it is describing the shape of surface type 
of the upper magnetic layer 4 below, and the outstanding magnetic parametric performance and high 
endurance are compatible. 

[0009] The number of hollow D (this hollow is hereafter called critical hollow) whose cross sectional area in 
depth [ of 20nm ] S (this depth is also hereafter called slice depth) is 3% or more of reset-bit area from the root 
mean square front face R in the shape of surface type of the upper magnetic layer 4 by which the upper 
magnetic layer 4 was measured with the atomic force microscope (henceforth AFM) as shown in drawing 2 is 3 
piece / 100micrometer2. It has become the following. Generating of a drop out is suppressed by this and the 
magnetic parametric performance of endurance (still endurance) improves to improvement and coincidence. As 
a result of a detailed examination of this invention persons, as shown in drawing 3 (a), it became clear that a 
correlation existed from a root mean square front face between the number of the hollow whose cross sectional 
area with a depth of 20nm is 3% or more of reset-bit area, and a drop out. If the slice depth is made into the 
depth on the front face of a root mean square, or the shallow depth near it, gradation with the slight upper 
magnetic layer front face will also be recognized to be a hollow. However, such a hollow is too shallow and does 
not affect generating of a drop out. Conversely, if the slice depth is deeply set up from a root mean square front 
face, the depth of the maximum ** of a hollow which only a deep hollow is recognized extremely and affects 
generating of a drop out which exists in the upper magnetic layer will not be recognized. Consequently, 
correlation strong between the slice depth and generating of a drop out is not seen, as a result of examination, 
the hollow which affects generating of a drop out is recognized, when it slices in a depth of 20nm from a root 
mean square front face - it carried out thing becoming clear, it became depressed, and it came out and it also 
became clear that the thing which is recognized when it moreover slices in a depth of 20nm from a root mean 
square side and whose cross sectional area in the depth concerned is too small does not affect generating of a 
drop out even if it is, but the hollow more than a certain cross sectional area saw from a head, and served as a 
defect, and generating of a drop out was affected. Furthermore, it became clear that the cross sectional area in 
the depth concerned was 3% or more of reset-bit area as a result of examination [refer to drawing 3 (a) - (d)]. 
Thus, this invention has the greatest description in the point that the cross sectional area with a depth of 20nm 
found out that the number of the hollow which is 3% or more of reset-bit area was very closely related to 
generating of a drop out from the root mean square front face. 

[0010] It sets to this invention and the number of critical hollow D is 3 piece / 100micrometer2. Generating of 
super ****** and a drop out increases rapidly, and a magnetic parametric performance falls rapidly. The 
number of critical hollow D is 1 piece / 100micrometer2. It is 0.5 piece / 100micrometer2 preferably that it is the 
following. It is much more desirable that it is the following. It is 0 most preferably. 

[0011] Critical hollow D tends to make the lubricant contained in the upper magnetic layer 4 and/or the lower 
layer 3 ooze so much on the front face of the upper magnetic layer 4. Consequently, it will originate in the 
lubricant which oozed out so much, the magnetic head and a magnetic-recording medium become easy to stick, 
and performance traverse will fall. Moreover, since lubricant tends to ooze out, makeup of the lubricant from 
the interior of a medium to the upper magnetic layer front face will stop for a short time, and performance 
traverse and endurance will fall too. In addition, the measuring method of the number of the hollow of the 
upper magnetic layer front face is explained in full detail in the example mentioned later. 
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[0012] Generating of a next door and a drop out is enough suppressed [ the number of critical hollow D ] for 
endurance by 0, and a magnetic parametric performance improves as near. Moreover, it is desirable for this 
invention to set and to make the hollow (for this hollow to be hereafter called minute hollow) whose cross 
sectional area with a depth of 20nm is less than 3% of reset-bit area exist in the front face of the upper magnetic 
layer 4 from the above-mentioned root mean square front face. By this, the touch area of a medium front face 
and the magnetic head decreases, and lubricant is continuously supplied to a medium front face through this 
minute hollow, friction with a medium front face and the magnetic head is controlled, and performance traverse 
and endurance are maintained. Since the cross section of a minute hollow is small, the loss of power by a 
tooth-space loss and a record deficit with the magnetic head resulting from this minute hollow existing will 
become small to extent which can be disregarded. 

[0013] in order that the number of a minute hollow may make the effusion easy of lubricant the moderate range 
•* 800- 10 piece / 100micrometer2 - especially - 400 20 piece / 100micrometer2 it is - things are desirable. 
[0014] Surface roughness Ra is 7.5 micrometers or less, the upper magnetic layer 4 having a convention of the 
above hollows. As above-mentioned, if surface roughness Ra is usually small, endurance will deteriorate, but by 
the magnetic -recording medium of this invention, since the effusion nature of lubricant is moderate, endurance 
becomes good. 

[0015] The nonmagnetic particle is blended with the upper magnetic layer 4 as above-mentioned. The number 
of the critical hollows which originate in the deficit of a nonmagnetic particle and are produced can be reduced 
by making particle size of this nonmagnetic particle small, and lessening those loadings. Furthermore, when it 
reproduces using the head (henceforth an MR head) using a magneto-resistive effect mold component, the 
so-called problem (problem which the temperature of an MR head rises, resistance is changed and a noise 
generates with the sliding heat generated by contact to a medium and the magnetic head) of thermal asperity 
can also be avoided. Specifically, 0.12 micrometers or less of 0.1 micrometers or less of mean particle diameter 
of a nonmagnetic particle are preferably set to 0.080 micrometers or less still more preferably. When the mean 
particle diameter of a nonmagnetic particle exceeds 0.12 micrometers, it is ** criticality hollow D 3 piece / 
100micrometer2 The film reinforcement of the thin upper magnetic layer 4 of less than [ **0.2micrometer ] from 
which considering as the following becomes difficult and to which the packing nature of ** ferromagnetic 
powder is checked and the playback output at the time of high density record falls is affected, and the problem 
of a drop out increasing arises. The minimum of the mean particle diameter of the above-mentioned 
nonmagnetic particle is about 0.01 micrometers. In blending two or more sorts of nonmagnetic particles, it 
carries out mean particle diameter of each nonmagnetic particle as above-mentioned, the ferromagnetic powder 
100 weight section by which the loadings of a nonmagnetic particle are blended with the upper magnetic layer 4 
- receiving desirable - 0.1 - 16 weight section - further - desirable - 0.1 - 15 weight section - it considers as 
0.1 - 14 weight section much more preferably. If the loadings do not fulfill the above-mentioned lower limit, the 
aggregate effectiveness of a nonmagnetic particle stops being effectively discovered from the point of reducing 
the number of critical hollows as above-mentioned, although few loadings of a nonmagnetic particle are so 
desirable that there are. When blending two or more sorts of nonmagnetic particles, it is desirable that the sum 
total loadings of all nonmagnetic particles are made to consider as above-mentioned within the limits. 
[0016] Formation of the above upper magnetic layers 4 is (l). - It is attained by using one or more sorts from the 
approach of (6). 

[0017] (l) Carry out preliminary distribution of the ferromagnetic powder blended with this upper coating, and 
make it the aggregate of this ferromagnetic powder not occur in the upper magnetic layer at the time of 
preparation of the upper coating which forms the upper magnetic layer 4. Generating of the hollow which 
originates in the deficit of an aggregate by this can be suppressed. The method of supplying ferromagnetic 
powder to a planetary mixer, an opening kneader, etc. with some of binders and solvents, and performing 
preliminary distribution as the approach of preliminary distribution, for example is mentioned. 
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[0018] (2) Carry out preliminary distribution of the nonmagnetic particle, and make it the aggregate of this 
nonmagnetic particle not occur in the upper magnetic layer at the time of preparation of the upper coating, (l) 
of the above [ approach / this ] There is same effectiveness. 

[0019] (3) Adjust the drying temperature and desiccation blast weight after the upper coating coating to the 
solid content concentration list of the upper coating, adjust the rate of drying of the solvent contained in the 
upper coating, and control the magnitude of a hollow. If a rate of drying is too early, the yield of a critical hollow 
will increase on a front face by rapid solvent evaporation. Conversely, since a solvent will evaporate slowly if a 
rate of drying is too slow, it becomes the front face where a hollow hardly exists. It will be in the surface state in 
which it is below the value of the above [ the number of a critical hollow ], and the minute hollow of the 
predetermined number exists with a moderate rate of drying, the desirable rate of drying of a solvent - 
1.0x10-3 - 8.0xl0-3kg/(m2sec) - especially - 1.5x10 3 - 6.0xl0 3kg/(m2sec) - especially - 1.8x10-3 - 
4.0xl0-3kg/(m2sec) it is . 

[0020] (4) Choose appropriately the calender conditions (roll surface nature, a number of stages, temperature, 
linear pressure) of the upper magnetic layer 4, and control formation of a hollow. That is, a critical hollow 
serves as a front face which is removed effectively and has a minute hollow according to moderate calender 
conditions. If calender conditions are too strong, even a minute hollow will be removed, and if too conversely 
weak, a critical hollow will not be removed effectively. The desirable calender conditions are as follows. 
- roll surface nature; - S or more [ 0.1 ] and numberofstages; - 3 7 steps and temperature- - 80- 120 degree C 
and linear pressure- - "S" in 2.5 - 3.4 kN/cm, in addition the above-mentioned roll surface nature is a notation 
which shows front-face nature, and is well-known to this contractor as what shows the maximum height. 
[0021] (5) Control the shape of surface type of the back coat layer 5, and control formation of the hollow by the 
shape of surface type of the back coat layer 5 imprinting to the upper magnetic layer 4 at the time of winding 
preservation of a magnetic-recording medium. Especially as the shape of surface type of the back coat layer 5, it 
is desirable that 20nm or less of surface roughness Ra is 212nm, and it is desirable that 200nm or less of 
ten-point averages of roughness height Rz is 18124nm especially. Furthermore, the number of the projection 
whose cross sectional area with a height of 60nm is 3% or more of reset-bit area from the root mean square 
front face in the shape of surface type of the back coat layer 5 measured by AFM is 5 piece / 100micrometer2. It 
is 3 piece / 100micrometer2 especially hereafter. It is desirable that it is the following. 

[0022] (6) above (5) **** - although related, the shape of surface type by the side of the back coat layer of a base 
material 2 is controlled, and the shape of surface type of the back coat layer 5 by which the shape of surface 
type and the shape of this surface type by the side of the back coat layer of a base material 2 were reflected at 
the time of winding preservation of a magnetic-recording medium controls formation of the hollow by 
imprinting to the upper magnetic layer 4. Especially as the shape of surface type by the side of the back coat 
layer of a base material 2, it is desirable that lOnm or less of surface roughness Ra is 2 8nm, and it is desirable 
that 160nm or less of ten-point averages of roughness height Rz is 18140nm especially. Furthermore, the 
number of the projection whose cross sectional area with a height of 40nm is 3% or more of reset-bit area from 
the root mean square front face in the shape of surface type by the side of the back coat layer of the base 
material 2 measured by AFM is 23 piece / 100micrometer2. It is desirable hereafter that it is especially or less 
[ 100-micrometer ] 18 pieces / 2. 

[0023] Since it should be further suitable for high density record in the above-mentioned magnetic-recording 
medium 1, it is desirable to perform playback according the product (for this product to be hereafter called 
Brdelta) of the residual magnetic flux density Br of the upper magnetic layer 4 and thickness delta of the upper 
magnetic layer 4 to an MR head, especially the MR head of a cover half as 0.005 0.042Tmum especially 0.005 to 
0.045 Tmum. Brdelta becomes the scale of the amount of magnetic flux of the upper magnetic layer 4, and has 
the case where 0.045Tmum super ****** and an MR head field are saturated by this value, and high density 
record becomes impossible. Moreover, the amount of magnetic flux becomes large too much, the effect of an 
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anti-field is large and high density record may not be able to be performed. On the other hand, by less than 
0.005 Tmum, the amount of magnetic flux becomes t the value of Brdelta ] small too much, and sufficient 
playback output is not obtained. Although the value of Brdelta can make the value of Brdelta above-mentioned 
within the limits by adjusting the value of this delta since it is dependent on the value of thickness delta of the 
upper magnetic layer 4, it is necessary to set the value of delta to 0.2 micrometers or less. It is because the effect 
of an anti-field becomes large and sufficient input-output behavioral characteristics are no longer obtained, in 
case it is RF record as the value of delta is 0.2 micrometers or more. As for especially the value of delta, it is 
desirable that it is 0.01-0.1 micrometers 0.010. 2 micrometers. Moreover, it depends for the value of Brdelta 
also on the value of the residual magnetic flux density Br of the upper magnetic layer 4. If too low, since the loss 
of power by the self- demagnetization may happen if the value of Br is too high, leakage flux may decrease and 
loss of power may happen too, as for this value of Br, it is desirable 0.10.5T, and that it is especially 0.10.4T. 
[0024] Moreover, in the above-mentioned magnetic-recording medium 1, in order to prevent generating of an 
anti-field in the flux reversal field used as the hindrance of the improvement in track recording density and to 
raise recording density, coercive force He of the upper magnetic layer 4 is preferably made into 170 - 240 kA/m 
still more preferably 170 to 260 kA/m 170 to 280 kA/m. The improvement in track recording density is 
advantageous especially when reproducing magnetic-recording information by the MR head which can make 
the width of recording track small (that is, reset-bit area can be made small). In order to consider as 
above-mentioned [ the coercive force of the upper magnetic layer 4 ] within the limits, the thing of the particle 
size later mentioned as ferromagnetic powder is used, or the approach of controlling the magnetic field 
orientation conditions in the case of the upper magnetic layer formation is used. 

[0025] As ferromagnetic powder contained in the upper magnetic layer 4, the ferromagnetic powder and the 
tabular ferromagnetic powder of needlelike or fusiform can be used, for example. As ferromagnetic powder of 
needlelike or fusiform, ferromagnetic metal powder, ferromagnetic iron-oxide system powder, etc. which make 
iron a subject are mentioned. Ferromagnetic hexagonal ferrite powder etc. is mentioned as tabular 
ferromagnetic powder. Also when using which ferromagnetic powder, it is desirable from a viewpoint which the 
mean particle diameter makes increase the number of the ferromagnetic powder to which using what is 
0.02 0. 12 micrometers exists in the minimum record bit volume, and makes enlarge especially 0.010. 12 
micrometers of values of Br. In this description, a powdered particle size does not ask ** which is nonmagnetic 
as this powder is magnetism, but when it is fusiform, major-axis length is meant, and that a powder 
configuration is needlelike or when it is tabular, it means a plate diameter. Moreover, when spherical, a 
diameter is meant, and when formless, the die length of the longest part is meant. 

[0026] The ferromagnetic metal powder the amount of [ whose ] metal is 40 % of the weight or more and whose 
40% or more for this metal is iron as ferromagnetic metal powder is mentioned. The thing of a publication etc. is 
mentioned [column / 3rd / of 42-44 lines / of JP,9-35246,A] as an example of ferromagnetic metal powder. As for 
the coercive force He of this ferromagnetic metal powder, it is [ 125 - 200 kA/m and saturation magnetization 
sigmas ] desirable that 110 - 170Am2 / kg, and a BET specific surface area are 40 70m2 / g. As ferromagnetic 
hexagonal ferrite powder, the minute plate-like barium ferrite powder of a publication is mentioned [ column / 
4th / of 1-5 lines / of JP,935246,A ], for example. As for the coercive force He of this ferromagnetic hexagonal 
ferrite powder, it is [ 135 - 260 kA/m and saturation magnetization sigmas ] desirable that 27 - 72Am2 / kg, and 
a BET specific surface area are 30 70m2 / g. 

[0027] As a binder contained in the upper magnetic layer with the above-mentioned ferromagnetic powder, the 
thing of a publication is mentioned [ **** / 4th / of 25 32 lines / of JP,9-35246,A ], for example. The polyurethane 
resin, the vinyl chloride system copolymer, and nitrocellulose system resin which have polar groups, such as a 
sulfate radical, a sulfonate radical, an epoxy group, a hydroxyl group, or a carboxyl base, are suitably used for 
intramolecular among these. As for the loadings of a binder, it is desirable that it is 5 - 30 weight section to the 
ferromagnetic powder 100 weight section. It is desirable to use together polyurethane resin and a vinyl chloride 
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system copolymer, and to set both ratio (former/latter) to 20 / 80 - 70/30 especially. 

[0028] The engine performance of a magnetic-recording medium can be further raised by making the upper 
magnetic layer contain curing agents, such as lubricant, such as nonmagnetic particles, such as abrasives with 
which the Mohs hardness of alpha-alumina, chrome oxide, etc. other than an above-mentioned component 
consists of powder of seven or more matter, and carbon black as an antistatic agent, a fatty acid, and fatty acid 
ester, and an isocyanate system compound, etc. What has above-mentioned mean particle diameter especially 
as a nonmagnetic particle is used. The loadings with these desirable components are as follows to the 
ferromagnetic metal powder 100 weight section, respectively. In addition, the range where the total quantity of 
nonmagnetic particles, such as abrasives and carbon black, is desirable is as above-mentioned. 

- abrasives: - 1 - 16 weight section - especially ** the 2- 14 weight section and carbon black:0.01 - 1.0 weight 
section - especially - below 0.05 0.8 weight section and lubricants - 10 weight section and the curing agents 
weight section - especially - below 2 weight sections - [0029] The magnetic layer containing ferromagnetic 
powder is sufficient as a lower layer 3, or the nonmagnetic layer which does not contain ferromagnetic powder 
is sufficient as it. Moreover, a lower layer 3 does not ask ** which is not that it is magnetism, but contains a 
nonmagnetic particle, lubricant, curing agents, etc. as a binder, and abrasives and an antistatic agent, such as 
carbon black. It is the same as that of the component concerned contained in the upper magnetic layer 4 about 
the detail of these components. Furthermore, a lower layer 3 contains nonmagnetic fillers, such as nonmagnetic 
ferrous oxide (alpha-ferrous oxide), titanium oxide, and a calcium carbonate. The loadings with these desirable 
components contained in a lower layer 3 are as being the following to the nonmagnetic filler 100 weight section 
as opposed to the total quantity 100 weight section of ferromagnetic powder and a nonmagnetic filler, 
respectively (when a lower layer 3 being a nonmagnetic layer) (when a lower layer 3 being a magnetic layer). 

- binder: - 5 - 50 weight section especially - 10- 30 weight section and abrasives: 1 - 30 weight section - 
especially - 2- 18 weight section and carbon black:0.3 - 30 weight section - especially - 1-20 weight section and 
lubricant: 1 - 20 weight section - especially - below 3 - 10 weight section and the curing agent: 12 weight section 
-- especially - below 8 weight sections - [0030] When a lower layer 3 is a magnetic layer, from the point of 
control of the magnetic properties of the upper magnetic layer 4, as for especially the coercive force of a lower 
layer 3, it is desirable that it is 160 - 260 kA/m 135 to 260 kA/m, and, as for saturation magnetic flux density, it 
is desirable 0.05-0. IT, and that it is especially 0.05 0.08T. 

[0031] Thickness of a lower layer 3 is preferably set to 2.0 micrometers or less at a related list with the 
thickness of the upper magnetic layer 4 from the point of the improvement in the endurance of a 
magnetic-recording medium, and cupping generating prevention, and is 0.5- 1.5 micrometers much more 
preferably 0.2- 1.5 micrometers still more preferably. 

[0032] A lower layer 3 and the upper magnetic layer 4 are formed of spreading of the upper coating for forming 
the lower layer coating and the upper magnetic layer for forming a lower layer. A lower layer coating and the 
upper coating are obtained by making the solvent of the specified quantity distribute various above-mentioned 
components. As a solvent, ketones, an aromatic solvent, a hydrocarbon system solvent, etc. are used preferably. 
It is above (l) especially in the case of preparation of the upper coating in the case of preparation of these 
coatings. And/or, (2) By adopting an approach, the shape of surface type of the upper magnetic layer 4 can be 
made into an above-mentioned thing. 

[0033] As a back coat layer 5 formed in the field side of another side of a base material 2, the thing which comes 
to distribute carbon black in a binder can be used. Specifically, the thing of a publication can be used [ the 5th 
column of 41 lines of JP, 9-35246, A - column / of four lines / 9th ]. As for especially the thickness, it is desirable 
from the point of the improvement in endurance, and cupping generating prevention that it is 0.1-0.7 
micrometers 0.05 0.8 micrometers. Moreover, the carbon black which has a predetermined particle size is 
blended with the back coat layer 5, and it is the shape of the surface type Above (5) By making it like, the shape 
of surface type of the upper magnetic layer 4 can be made into an above-mentioned thing. 
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[0034] If a base material is an object for magnetic-recording media, it can use a well-known base material and 
can specifically use [ column / 2nd / of 30-42 lines / of JP,9 35246, A ] the thing of a publication. Also among these, 
non magnetic materials, such as polyethylene terephthalate (PET), polyethylenenaphthalate, and a polyamide, 
are suitable. As for especially the thickness of a base material, it is desirable that it is 6 micrometers or less 8 
micrometers or less because of high capacity izing of a magnetic-recording medium. Moreover, an easy-bonding 
layer may be prepared on the surface of a base material, and an adhesive property with a lower layer 3 or the 
back coat layer 5 may be raised. Furthermore, (6) of the above [ the shape of surface type by the side of the back 
coat layer of a base material 2 ] By making it like, the shape of surface type of the upper magnetic layer 4 can be 
made into an above-mentioned thing. The base material 2 which has the shape of this surface type can adjust 
and obtain the magnitude and the content of a filler which are made to contain for example, in a base material. 
[0035] As for especially the overall thickness of the above-mentioned magnetic-recording medium 1, it is 
desirable from high capacity izing of a magnetic-recording medium, and the point of reservation of endurance 
that it is 4 7 micrometers 7 micrometers or less. 

[0036] To a degree The outline of the desirable manufacture approach of the magnetic-recording medium 1 of 
the above-mentioned operation gestalt is explained. First, on a base material 2, simultaneous multistory 
spreading of the upper coating and the lower layer coating is carried out with a sentimenton wet method so 
that each class may serve as predetermined thickness, and the upper magnetic layer and a lower layer paint 
film are formed. Subsequently, after performing magnetic field orientation processing to these paint films, it 
rolls round by performing desiccation processing. Then, calender processing is performed. Above (3) as 
conditions for this desiccation processing and calender processing And (4) By adopting conditions, the shape of 
surface type of the upper magnetic layer 4 can be made into an above-mentioned thing. Furthermore, apply a 
back coat coating on the field of the opposite hand of a base material 2, it is made to dry on predetermined 
conditions, and the back coat layer 5 is formed. As this desiccation condition, the rate of drying of a solvent 
1.0x10-3 - 8.0xl0-3kg/(m2 sec), It is the shape of surface type of the back coat layer 5 easily especially 2.0x10-3 - 
6.5xl0-3kg/(m2 sec) and by dividing and adopting the conditions of 2.2x10 3 - 4.3xl0"3kg/(m2 sec) Above (5) It 
can be made like. Subsequently, aging processing is carried out under 40-80 degrees C for 6 to 100 hours, and a 
broad magnetic-recording medium original fabric is obtained. And in manufacturing a magnetic tape, for 
example, along with that longitudinal direction, it judges this original fabric to predetermined width of face. 
[0037] As mentioned above, although this invention was explained based on the desirable operation gestalt, in 
the range which is not restricted to the above-mentioned operation gestalt and does not deviate from the 
meaning of this invention, various modification is possible for this invention. For example, the same 
effectiveness as the above-mentioned operation gestalt is done so also by the magnetic-recording medium of the 
monolayer mold which replaces with this and has only much more magnetic layer although the 
magnetic-recording medium of the above-mentioned operation gestalt is a magnetic-recording medium of the 
multistory mold which has the upper magnetic layer and a lower layer. Moreover, in the above-mentioned 
operation gestalt, a primer layer and the layer which can record the servo signal for tracking may be formed 
between a base material 2, a lower layer 3, or the back coat layer 5. Moreover, the magnetic-recording medium 
of this invention is also applicable also as other magnetic-recording media, such as a magnetic disk like a 
flexible disk, although it is suitable as magnetic tapes, such as tapes for data logging, such as image voice 
recording tapes, such as a DVC tape, 8mm video tape, and a DAT tape, DLT, a DDS tape, a 1/4 inch 
data-cartridge tape, and a data 8mm tape. 
[0038] 

[Example] Among the following examples, unless it refuses especially, the section and % mean weight section 
and weight %, respectively. 

[0039] [Example l] In combination of the following upper coating, ferromagnetic powder was supplied to the 
planetary mixer with some of binders and solvents, and preliminary distribution was carried out. Apart from 
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this, preliminary distribution of the abrasives was carried out by the same approach. Two reserve dispersing 
elements were mixed and distributed processing by the sand mill was performed. Then, the solvent was added, 
the thixotropy factor was adjusted and it filtered using the barrier filter of 1 micrometer of filtration accuracies 
absolutely. Finally the curing agent was added and the upper coating was obtained. Moreover, the lower layer 
coating and the back coat coating were obtained by the same approach, respectively. 
[0040] 

<Combination of the upper coating>, and needlelike ferromagnetism metal magnetism powder (Fe:Co=80/20) 
The 100 sections (coercive force; 175 kA/m, saturation magnetization; 147Am2 / kg, 
meanparticlediameter;65nm) 

■ alpha-alumina (abrasives, mean particle diameter: 70nm) The 3.2 sections and carbon black (mean particle 
diameter: 20nm) The 0.4 sections and a sulfate radical content vinyl chloride system copolymer [MR104 (trade 
name) by the binder and Nippon Zeon] 10 sections and sulfonate radical content polyurethane resin [UR-8300 
(trade name) by the binder and Toyobo] 7 sections and stearin acid 2 sections and 2-ethylhexyl olate The 1.5 
sections and the poly isocyanate [the coronate L made from a curing agent and Japanese polyurethane industry 
(trade name), and 75% of solid content] The 4.5 sections and a methyl ethyl ketone The 132 sections and 
toluene 88 sections and cyclohexanone The 210 sections [0041] 

<Combination of a lower layer coating>, and hexagon-head tabular hexagonal system ferromagnetism barium 
ferrite powder The 60 sections (coercive force; 152kA [ // m ] and saturation magnetization;52Am2 / kg, 
meanparticlediameter;30nm) 

- Needlelike alpha-Fe 203 The 40 sections (a nonmagnetic filler, mean particle diameter: lOOnm) 

- alpha alumina (abrasives, mean particle diameter: 70nm) 6 sections and carbon black (mean particle 
diameter: 20nm) 10 sections and a sulfate radical content vinyl chloride system copolymer [MR104 (trade 
name) by the binder and Nippon Zeon] 14 sections and sulfonate radical content polyurethane resin [UR-8300 
(trade name) by the binder and Toyobo] 12 sections and stearin acid 4 sections, the 2-ethylhexyl olate 1.5 
section, and the poly isocyanate [the coronate L made from a curing agent and Japanese polyurethane industry 
(trade name), and 75% of solid content] 4 sections and a methyl ethyl ketone 84 sections and toluene 56 sections 
and cyclohexanone The 60 sections [0042] 

<Combination of a back coat coating>, and carbon black (mean diameter: 28nm) 38 sections and carbon black 
(mean diameter: 52nm) Two sections - "NIPPORAN 2301" The 50 sections [a trade name, the polyurethane 
made from Japanese Polyurethane Industry, and 40% of solid content] 

- Nitrocellulose The 20 sections (Hercules Powder Co. thing for viscosity display 1/2 seconds of make) 

- The poly isocyanate (75% of solid content) 4 sections and a copper phthalocyanine 5 sections and stearin acid 2 
sections and a methyl ethyl ketone The 120 sections and toluene The 120 sections and cyclohexanone The 120 
sections [0043] On the base material which consists of a PET film with a thickness of 4.5 micrometers, the 
sentimenton wet method performed simultaneous multistory spreading in the die coating machine, and each 
paint film was formed so that the desiccation thickness of a lower layer and the upper magnetic layer might be 
set to 1.2 micrometers and 0.1 micrometers in a lower layer coating and the upper coating, respectively. 
Subsequently, while these paint films were in the damp or wet condition, the inside of the solenoid of 0.5T was 
passed, magnetic field orientation processing was performed to the longitudinal direction, the temperature and 
air capacity of a drying furnace were adjusted, desiccation processing was carried out and the paint film was 
rolled round so that the rate of drying of a solvent might serve as a value shown in a table 1 further. 
Subsequently, line speed 150 m/min performed calender processing on the conditions shown in a table 1. The 
front-face nature of the calendering roll used at this time was 0.1S. Furthermore, on the rear face of the 
above-mentioned base material, the back coat coating was applied so that desiccation thickness might be set to 
0.5 micrometers, and it rolled round, after performing desiccation processing on condition that rate of-drying 
3.0xl0-3kg/(m2 sec) of a solvent. Then, aging processing was performed at 50 degrees C for 16 hours, it judged 
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to 1/2 inch width of face, and the magnetic tape was obtained. 

[0044] [Examples 2, 3, and 7 and example 1 of a comparison] In the example 1, it changed into the conditions 
which show desiccation conditions and calender conditions in a table 1 at the time of the coating of the upper 
magnetic layer, and the magnetic tape was obtained like the example 1 except using what has the shape of 
surface type further shown in a table 2 as a base material. 

[0045] [Example 4] In the example 3, using coercive force 167 kA/m, saturation magnetization 124Am2 / kg, 
and needlelike ferromagnetism metal powder with a mean particle diameter of 80nm as ferromagnetic powder 
blended with the upper magnetic layer, thickness of the upper magnetic layer was set to 0.04 micrometers, and 
the magnetic tape was obtained like the example 3 except using what has the shape of surface type further 
shown in a table 2 as a base material. 

[0046] [Example 5] In the example 3, thickness of the upper magnetic layer was set to 0.14 micrometers, and 
the magnetic tape was obtained like the example 3 except using what has the shape of surface type further 
shown in a table 2 as a base material. 

[0047] [Example 6] Hexagonal system barium ferrite powder is not blended with a lower layer in an example 3, 
instead it is needlelike alpha-Fe 203. Loadings were made into the 100 sections and the magnetic tape was 
obtained like the example 3 except using what has the shape of surface type further shown in a table 2 as a base 
material. 

[0048] [Example 8] In the example 3, the rate of drying of the solvent of a back coat coating was made into 
7.0xl0-3kg/(m2 sec), and the magnetic tape was obtained like the example 3 except using what has the shape of 
surface type further shown in a table 2 as a base material. 

[0049] [Example 9] In the example 3, the magnetic tape was obtained like the example 3 except using the base 
material which has the shape of surface type shown in a table 2. 

[0050] [Example 2 of a comparison] In the example 1 of a comparison, the magnetic tape was obtained like the 
example 1 of a comparison except using what has the shape of surface type further shown in a table 2 as a base 
material, using an alumina with a mean particle diameter of 200nm as abrasives blended with the upper 
magnetic layer. 

[0051] [Example 3 of a comparison] in the example 1 of a comparison, as ferromagnetic powder blended with the 
upper magnetic layer Using coercive force 143 kA/m, saturation magnetization 120Am2 / kg, and needlelike 
ferromagnetism metal powder with a mean particle diameter of 160nm as carbon black which sets thickness of 
the upper magnetic layer to 0.25 micrometers, and is blended with a back coat layer The magnetic tape was 
obtained like the example 1 of a comparison except using what has the shape of surface type further shown in a 
table 2 as a base material using the carbon black 2 section of 28nm of mean diameters, and the carbon black 38 
section of 52nm of mean diameters. 

[0052] [Example 4 of a comparison] In the example 1 of a comparison, the magnetic tape was obtained like the 
example 1 of a comparison except using the PET film which has the shape of surface type which thickness is 10 
micrometers as a base material, and is shown in a table 2. 

[0053] [Performance evaluation] About the magnetic tape obtained in the example and the example of a 
comparison, surface roughness Ra of the upper magnetic layer, the number of a hollow, and the value of 
magnetic properties (coercive force He, saturation magnetic flux density Br) were calculated by the following 
approach, and it asked for surface roughness Ra by the side of a back coat layer and the back coat layer of a 
base material, the ten-point average of roughness height Rz, and the number of a projection, and asked for the 
playback output, a drop out, still endurance, and coefficient of friction of a magnetic tape further. A result is 
shown in a table 2. 

[0054] With the <surface roughness Ra of upper magnetic layer> optical surface roughness meter (the product 
made from Zygo, type Maxim and 3D5700), the 40 times as many FIZO lens as this was used, Cylnder 
amendment was carried out, five points were measured and the average was set to surface roughness Ra. 
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[0055] The AFM image of 10 micrometerxlO micrometer around is measured using the nano scope by the 
<number of hollow of upper magnetic layer> digital instrument company. It is the measured AFM image off-line 
modify flatten Data is smoothed with a command. At this time, it is flatten order. It is referred to as 2. It is the 
image which smoothed data off line modify It is made reversed by the reversal process and a hollow is displayed 
as a projection. Then, the particle size and the number in a slice cut surface of the crest which slices from 
datum level (root mean square front face) with the grain size command of off line analyze in height (namely, 
setting to a real image a depth of 20nm) of 20nm, and exists in the sliced cross section are computed. The 
number of **** which has the number of a crest which has 3% or more of cross sectional area of reset-bit area, 
and less than 3% of cross sectional area from the calculation result is counted. Consider as the hollow (critical 
hollow) which has 3% or more of cross sectional area [ in / for the former / a real image ], and let the latter be the 
hollow (minute hollow) which has less than 3% of cross sectional area. Measurement of 50 per at least 1 sample 
is performed, and the arithmetic mean of the number of a hollow which has the arithmetic mean of the number 
of a hollow which has 3% or more of cross sectional area in a real image, and less than 3% of cross sectional area 
is searched for. 

[0056] Only the upper magnetic layer was exfoliated from the <magnetic properties> magnetic tape, and it 
pierced in the predetermined dimension, and measured in external magnetic field 1194 kA/m using Toei 
Industry VSM. However, only the example 8 pierced and measured the magnetic tape itself. 
[0057] It measured like surface roughness Ra of surface roughness Ra by the side of a back coat layer and the 
back coat layer of a base material, and the <tenpoint averageofroughnessheight Rz> upper magnetic layer. 
However, about the base material, it measured using the MIRAU lens 50 times. 

[0058] It measured like number measurement of the hollow of the <number of the projection by the side of back 
coat layer and back coat layer of base material> upper magnetic layer. However, in order to measure not a 
hollow but a projection, the reversal process of an image was not performed. 

[0059] The DLT-7000 drive equipped with the magnetic parametric performance of a magnetic tape and the 
<drop out> fixed head was converted, and the reset-bit area 0.2micrometerx5micrometer output signal was 
measured. Here, the output was considered as the relative evaluation which makes the magnetic tape of the 
example 1 of a comparison criteria (OdB). The drop out recorded 1 M bits of reset-bit area 
0.2micrometerx5micrometer signals, and counted and measured the number of bits to which an output is 
downed 50% at the time of playback. 

[0060] Time amount until the playback output declines by 3dB from initial value was measured having 
repeated the 1M bit record signal and reproducing using <still endurance> above-mentioned DLT-7000 drive. 
[0061] It measured based on the <coefficient of friction> SMC qualification test method. The upper magnetic 
layer side of a magnetic tape was twisted around the diameter of 20mm, and the round bar made from SUS of 
surface roughness 0.2S at the include angle of 90 degrees, it was made to run 100 ****s on rate 18.8 mm/sec and 
conditions with a tension of 0.1 Ns, coefficient of friction was measured, and maximum in it was made into the 
value of coefficient of friction. 
[0062] 
[A table l] 
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[A table 2] 
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Ra 

(nm) 


Cnm) 
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m 
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1 

3 
4 
5 
6 
7 
8 
9 


4.8 
5.2 
5.3 
S4 
5.3 
5.2 
5.4 
5.2 
5. 1 


0 

1.0 
2.9 
2.8 
2.9 
2.9 
0 

Z9 
2-9 


&2 0 0 
2 1 2 
1 8 4 

1 4 4 

2 1 4 
I 2 1 

0 

1 2 8 
14 8 


J 7 1 
1 7 I 
1 7 1 
1 67 
1 7 1 
1 7 1 
1 7 1 
I 7 1 
1 7 I 


0.0 3 2 
CO 3 2 
0.0 3 2 
0.0 I I 
0.0 4 5 
0.0 3 2 
0.0 3 2 
0.032 
0.0 3 2 


7.8 
8.0 
7.8 
8.0 
7.6 
7.8 
8.3 
8.2 
7.8 


92 

8 8 
G2 

9 2 
8 9 
90 

8 8 
98 

9 2 


22 
2.4 
2.1 
2.3 
26 
2.7 
2.2 
4.8 
2.8 


6.8 
6.4 
6.9 
7. 1 
6.9 
6.8 
6.6 
6.8 
7.2 


72 

6 8 
77 

7 9 

8 1 
7 9 
78 

7 4 

8 4 


I 4.1 

1 6.2 
1 7.2 
1 6.8 
1 5.2 
15.9 
1 5.8 
1 7.2 
228 


28 
22 
20 
1.8 
1.7 
1.7 
23 
1.6 
1.2 


23 
32 
5 0 
52 
5 1 

4 8 
1 2 

5 6 
62 


4.5 
4.2 
4.6 
4.1 
4.0 
3.2 
0.2 
3.4 
3.6 


20 
1.8 
2.0 
21 
20 
22 
3.8 
26 
2.4 


it 

eg 

09 


1 

2 
3 
4 


5.0 
7.8 
8.2 
8.8 


3.2 
5.8 
5.4 
5.6 


] 4 4 
1 82 
1 24 
1 4 8 


1 7 I 
1 7 1 
1 4 5 
1 4 5 


0.0 3 2 
0.0 3 2 
0.0 8 0 
0.0 8 0 


8.2 
8.0 
1 2.0 
1 3.0 


9 8 
9 2 
1 3 2 
1 34 


26 
2.8 
24 
5.4 


6.8 
6.6 
120 
1 4.0 


78 
8 8 
1 2 8 
1 3 8 


1 5.8 

1 7.2 

2 4.2 
23.8 


0 

-1.8 
-3.2 
-3.8 


8 6 
3 6 0 
34 2 
3 8 0 


28 
3. 1 
1.2 
0.8 


26 
24 

3. 1 
3.3 

















[0064] It turns out [ which are shown in a table 2 ] that the magnetic tape (this invention article) of an example 
has little generating of a drop out as compared with the magnetic tape of the example of a comparison, and its 
magnetic parametric performance is [ a thing ] high so that clearly. Furthermore, the magnetic tape of an 
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example is understood that coefficient of friction is small and it is [ performance traverse is good and / still 
endurance ] high. 



[Effect of the Invention] As mentioned above, according to this invention, the performance traverse and 
endurance which were excellent with the outstanding magnetic parametric performance and the outstanding 
low drop out can be reconciled on high level, and the suitable magnetic-recording medium for high density 
digital storage is obtained as explained in full detail. Especially the magnetic-recording medium of this 
invention has the high effectiveness of high density record, when magnetic-recording information is reproduced 
by the reproducing head using a magneto-resistive effect mold component. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the mimetic diagram showing the structure of 1 operation gestalt of the magnetic -recording 
medium of this invention. 

Drawing 2l It is the mimetic diagram showing the shape of surface type of the upper magnetic layer. 
[Drawing 31 It is the graph which shows the relation between the number of a hollow, and generating of a drop 
out. 

[Description of Notations] 

1 Magnetic -Recording Medium 

2 Base Material 

3 Lower Layer 

4 The Upper Magnetic Layer 

5 Back Coat Layer 
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DRAWINGS 



[Drawing ll 



l 





fDrawing 21 
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[Drawing 3l 
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